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FLIGHT IKVSSTIGATIOST . OF • EFFECT OF VARIOUS VERTICAL- TAIL 
MODERATIONS ON THE DIRECTIONAL. STABILITY : AND CONTROL 
CHARACTERISTICS OF THE P-63A-I AIRPLANE (.AAF No, k2 -68889) 
By Harold I, Johnson 

. . . SUMMARY . 



Because the results. . of : \pr el iminary flight tests had indicated 
the; P-63A-I' airplane possessed insufficient directional stability, 
the NACA '''and..' ^e;?n^Ttf^^©r-''(BQll .Aircraft Corporation) suggested 
three vertical-tail modifications to remedy the deficiencies in the 
directional characteristics. These modifications included an 
enlarged vertical tail formed, by adding a tip extension to the 
original vertical tail, a large sharp -edge ventral fin, and a small 
dorsal fin. The enlarged vertical tail involved only a slight 
increase in total vertical- tail area from 23.73 to 26,58 square feet 
but a relatively much larger increase in geometric aspect ratio 
from 1.2V to 1.73 based on height and area above the horizontal tail, 
At the. request 1 of the Air Materiel Command, Army Air Forces, flight 
tests were made to determine the effect of these modifications and 
of some combinations of these modifications on the directional 
stability and control characteristics of the airplane. In all, six 
different vertical -tail configurations were investigated to determine 
the" lateral and' directional oscillation characteristics of the 
airplane,, the sideslip characteristics, the yaw due to ailerons in 
rudder-f ixed rolls from turns and pull-outs, the trim changes due to 
speed changes, "and the trim changes due to power changes,, 

Results of the tests showed that the enlarged vertical tail 
approximately doubled the directional stability of the airplane and 
that the' pilots considered the directional stability provided by the 
enlarged vertical , tail to be satisfactory. Calculations based on 
sideslip data, obtained at an indicated airspeed of 300 miles per hour 
showed that the directional stability of the airplane with the 
original vertical tail corresponded to a value of C n ^ of -O.OOO56 

whereas .for the enlarged vertical tail the estimated value of 
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C n was -0,00130, The ventral fin was found to increase "by a 

P . - . 

moderate amount the' directional' stability of the airplane with the 
original vertical tail for small sideslip angles .at low speeds "but 
little consistent change in directional stability was effected by 
the ventral fin at higher speeds. The effectiveness of the ventral 
fin was generally much less when used with the enlarged vertical tail 
than when used with the original vertical tail.' The ventral and 
dorsal fins -were found- to he very -effective; in, eliminating .rudder - 
force reversals which occurred in low- speed, nigh-engine -power, 
sideslipped conditions of flight. Sideslip testa two, altitudes 
for approximately the same engine power and indicated airspeed 
showed that a small decrease.- in static, directional stability 
occurred with increasing altitude and this decrease in stability was 
attributed to the increased propeller blade angles required at high 
altitudes. The variations of rudder pedal force with indicated air- 
speed using normal rated power and a constant rudder tab setting 
through the speed range were desirably small for all the conf iguratiais 
tested.. The . rudder, pedal force changed by about .50 pounds, for a 
power qjiange "f .r„pm' engine- idlong,. power, to normal rated power : and this 
pedal fprcje ; , change '..-was largely independent .of .airspeed or of . vertical - 
tail corif i,gur.ation. f or. the various conf iguratipnp' . tested., , 

., 12ITB013UCTION . .' . / 



At the, request of the 'Air Materiel Command,, Army Air Forces, 
■ flight tests were , made to determine, the "effect of ' various vertical - 
tail modifications on the, directional stability, .and, control., charac- 
teristics of the P-63A-I airplane. Previous tests, had, shown that _ 
the original vertical tail provided 'insufficient ..directional . 
stability ./to hold, the yaw due to. full aileropi" def lee tibn, (rudder 
. f ixed) below 20° at low speeds; that rudder --f orce. 'reversals,. V 
occurred in sideslips at low speeds with hig^L engine', power; 'and tfciat 
the controls -free lateral' and directional, pec'iil&tipns"' jjere poo#Jjr' 
.damped in . some flight conditions. Furthermore, , it was found '.to he 
difficult to maintain constant normal . acceleration, in steady,, turns, 
and this was attributed to inability to maintain constant yaw heading 
because of low directional stability. In order tp, improve , the 
directional, characteristics, the HACA suggested the, use. of ' an. 
enlarged vertical 'tail.f ormed. by adding, a. tip extensipn.' to the ' ." ..\ 
original vertical tail and . also . a small' dorsal f in,., 'For the "same" 
reason, the. .manufacturer (Bell Aircraft Corporation) suggested a " 
large ventral fin. This. report. presents data showing the' effects . 
pf-theio separate modifications and. of /a .combination, of, .'all tlie 
modifications on the directional stability and control characteristics 
of the airplane. The tests : reported herein were made- ; .at Langley 
Field, Va. in 19^5 . 
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AIRPLANE AID 1/1ETIC AL -TAIL MODIFICATIONS 




General specifications of the Bell P-63A-l;f-ignter airplane 
are given in the appendix, A three -view drawing of the airplane 1 is 
shown in figure 1. For the tests reported herejln. 4fce,.. sender of 
gravity varied, primarily because of fuel consumption, from about 
26.5 to about 2k. 5 percent mean aerodynamie/.-clhqr-d,.. Also because 
of fuel consumption, the gross weight varied between approximately 
8350 and 7800 pounds. Calculations and limited,. ,test ; data for. . 
widely varying center-of -gravity locations indicated the 2-percent 
change in .center -of T ^r|yity^p6&£tioa ©nc0unte.red.4n ..tike, tests 
would have a /negllgi#iii' j e^ 

of the airplane. ' '^ian'^riii^^'^e-erlg^aasi &$rticaa ^£l/'dnd : the " 
enlarged vertical tail suggested by the NACA are shown' 'in figure 2\- 
Dimensional characteristics of the two vertical tails are given'' ; 
in table I. As is shown 3>"y tabi&-X<and figure 2, the enlarged 
vertical tail involved an increase in vertical- tail height of 
3 

15£ inches and a slight area increase from 23.73 to 26,58 square- 

feet; however, 'the ge : 'dfet#fc^'5Si^ett^-;#atia:4^?^®^Cffii vertical- tail 
height and. jarea. above the horizontal tail) was increased "from 1.2U- 
to 1.73. The effect W° til *' iMreass;pMtaspect..ratip.,.was expected 
to increase. $ae.-. directional stability much more ~than' ! the effect of-" 
the increase. in' vi^^p^tail b£ t &&Jr-}.-jr , Tl ■^c^- 

The plan forms and major dimensions ■■f^.^^djx^^i .and ventral 
f;ins. : are shown in. figure 3. The dorsal fin (fig. \) had a sharp 
edge -extending ^apprpxifetfjiy' ' tKe- -f i^a^.^t^ejs r fqi3Wte > r.s of its length 
along the fuselage.;" f£oni ;ttat -fbiaii: on ..-the; &dge:_wa^, gradually 
r ounde d to fair into . ' Jh& ;£ in lea' ai-ng .aedge •.. , . . ' TJa-e,, Central f in (f ig ; 5 ) 
had a sharp edge along its entird length. ^. ? ',.„ \_[ '"" • 

e ri.jP-Jkj.tures. of.. ^e/'^aribtte ■ afl^laosR^o^l^WE^tipnii.. tested,. .-in the 
order, -.of ..subsequent datpi; : presentation:, : : .-are- •reproduced.' in figure 6. 
The relation between angTiiai* ' travel: of '..the,' rudder, 'and linfealP tiravel 




• •MSTS?IiffiMATION ; -. i v.^'v/'r-"- 



. ■ Standard NACA recording -instruments were used .to measure the 
following 'quantities t 

(l) Service indicated airspeed 



(2) Pressure altitude 
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(3) 


Normal acceleration uT io;.; Y X \T 


^, v ... ; . r ,,,. v 


00 


Aileron angle 




(5) 


Eudder angle ; : ; :o ; • 




(6) 


Eudder pedal force f 




(7) 


Sideslip angle:: ;.••! ■>.■,-. y Sil- 





Airspeed was measured : from >.a 9$fc$^{^t^i%s^..i^iq^& oa-. 
the end of a special boom extending about >l:<e3iord length _ ahead of 
the right wing near the .: wing tip-; •. , Vi$ttJ»: f tjijBj report Vlrepfed-- is 
defined "by •:/.:.;■ ; .-■ : : r\ : •' \r,r ; :^vi \o .;---.;^ s i 

•\;Vi^-:^..Q8vf0^^ ■ 

wherein: :l : ; :r -:V':; •.:> r/.v :;>; .;•.:.:■. w-,^; -,- r. ■ 

Vi correct service indicated airspeed; ^miles peVnbur 

fo standard sea^l„evel^c£mpressib.ility ; correction.: factor 

q difference beS^BiitotaX-sligaftfrpriseawwi^ and ; $??^pfcr©aa 

static pressure (corrected for. position..! error) >. 
inches of water 

Correct service indicated Airspeed corresponds to . the reading 
of a standard Army -Navy airspeed indicator ; connected a pi tot- 
static head free from position errors. -Shis airspeed is; also . 
referred to as calibrated: airspeeds ■:,.;,,, r^;- -j. 

The measurements of aileron and rudder angle were made by 
instruments connected directly -to the: respective .control surfaces 
so that no corrections fco: ^l^-<fB&^vaeedL.m&s&r>ym^:mce§B!^.'t 

The s ideslip angles ; were- measured: from . ar I re©;rf ioating, vane 
mounted on the end of a special boom extending about 1 chord length 
ahead of the left wing near the wing tip. No calibration was made 
of the possible position error of tMsr.insta3:latipn so that the 
absolute sideslip angles shown herein may be in error by about 
1° or 2° due to possible outflow or inflow near the wing tips 
judging from calibrations ofc. similar i$mi&%l^ioji$8KSm;- ether ja4r- 
planes. In spite of possible error in absolute sideslip angle, 
however, changes in sideslip angle measured at a given speed and 
normal acceleration are believed to be cs>rreet.k' ;,■„ :: 



IACA M m\ -L&T&7 



5 



The' inVesti^tl : dn 'cokBi'sted:" iii detei^Jiiin^ 1 the 1 directional . 
stability and control'' cks^^t&ti^^a :bf airplane' with the 
^^riotis vertical - tail configtiratidng- f rem the following tj^pes 
hi'.- tests: ; : -- : -'" } ' : li "' f ?:: ' si :; -:> T:X " :: ; -'-'- J ■ : 

(1) Lateral oscillations 

(2) Sideslips 5 

(3) Soils out of turns 
(ll) Eolls from pull-outs 

(5) Trim changes due to speed changes 

(6) 'Trim changes diie to power changes ' 

The airplane was in the clean condition (landing gear arid flaps \ 
retracted) for all the tests reported herein. 

The lateral oscillations were made by suddenly releasing, all 
■ the 'controls after-the airplane ■ had been -put into a small angle 
steady sideslip i These runs were made using -power for level 
flight at 5000 feet altitude at indicated airspeeds of 150, 200/ 
250, and 300 miles per hour. 

'•• T&e : '-side'alfi*s : v$ra '^S^ctintiMoixsi ^r^ddrdiiig method " 

whlch'is described v in "detail' 5 iri refe^enc^' l. K> ; The steady yawing ; 
and 'rolling velocities' iri' 'the 1 ' cbn^inubus sideslips were held low " 
enough ''to 'consider the resulting -data reprbs ; erita-tive of that" which 
would "be" oVtaifea'-yih^iS&Sy yi^siipW,' 5 Sideslips were made at 
5, 000" 'feet altitude with "eriginb * idling' at 'i5^ ; miles' per hour' and 
with normal rated power at 150 and 300 miles per hour, and at 
25,000 feet altitude with normal rated power at 15,0 miles per hour. 

• ; ';< The rolls^ out df -tons ^fere'&sae •wiW-snglife.-idling at 5^000 feet 
altitude; for speeds hetweeh i25 ; &nd 130 miles per hour (approxi- ;' 
mately 125 to "I3O ^percent' bf : the :: s %, tialiing;'speVd) . "3?or these tes ts 
-the -airplfene - was '•if^s¥ t ^ut" 1 ' i ln'b6- : ' a ' f sid&dy ^aEpteeft turn of about %jP 
Tsanfc angle 1 (c ; orreBpbridlng ; tb^ ^proximately" i.% normal acceleration) 
and' then- i&e BticK !r «fa^;moye4 ; ''^ri4ii^y'-'-^' -a^ pre'dB^jteitoined lateral ; 
dfef lectl6ri : against the 1 direc : ^bn-bf UaiQc |roiding; the rudder fixed. 
The re subbing if-bil 7 wWlie'let until ; aftep -fe ^maJcimum 1 sideslip' angle 
had been obtained. It was the original intention to make the rolls 
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out of turns at 120 percent of the_. stalling speed (about 120 miles 
per hour) but preliminary attempts' Bhowed that appreciable aileron 
deflection at this speed resulted in stalling the wing. In this 
connection a recent reyisi9n..to the j Army handling qualities; 
specif ic.at ions 'raised 't^e^JeWt ' K ^j^e^6^ J ^ , B^p^.l^g ;yatt due to 
ailerons at low ';qp^e&'jh^ J ^ : ' ; -j^et^6ff / ''BtalXMg 
speed when' the maneuver was \;n#tge'ii"^rant ;i a : -roif :; frcto^eVel flight 
to a roll out of turn. :; 

Eolls from pull-outs were made k &i>'oui '-'^Qod-'feit altitude 
for speeds of 200, 250, and 300 miles per hour. .To execute these 
maneuvers, the pilot rapidly pulled. the airplane' to 3g normal 
acceleration with wings laterally level and. then abruptly .applied 
a predetermined aileron stick deflecti6ii J hoiding the : rttdder -'fixed. 
Until the time maximum sideslip angle was. ..achieved the. pilot 
attempted to hold the initial normal acceleration constant' by 
movements of the elevator in accordance with indications of a 
visual accelerometer . this' ' s^ri^s of'^te's'ts, ' the- propeller 

blade angle and thrust coeff^icient were held constant at the 
values determined by .viM^^^xv^^r^S^^y^r^nt "'SO^'miles per 
hour indicated airspeed*',. Therefore, at. the lower speeds, both 
the 'engine speed aiid' aignif ^d 'p^eSe'uTe j'w^^ 

values corresponding' ^ v; '^6rinil''''i?a^edL p'owe'r (S6o6 fpm, ' ~h3 inches of 
mercury) . The propeller blade angle and thrust coefficient were 
held constant in these tests in aft 'attempt "to maintain constant the 
contribution of the propeller to the directional stability of the . 
airplane . !-.■•■• - 

The directional trim changes due to speed changes were 
investigated -only. for the rated ,powqr condition at approximately 
5000 Vf eet altitude,, for". ofie; ; judder ^im^tab ^setting. ' These tests, 
were ip^dVby^ foli^-tag ; the , jfeddatf \f drce.~, t6"; Siero , ffr'-'lever flight 
^(rdu^iyl^Qp miles ^pery' hour : ''indic i kted 1 ;'airspee r d) and' then taking 
records'/in laterally; level 's^.li'ght .f light, a t' : steady speeds 
ranging' from the 'stalling s$e^(|/t6 '^50 "to ; tf0" miles per hour 
indicated airspeed";,.'''. '; '', "' :-;;..;,'' [x *:,'':* ! ' sj : '"' iV " '? ' : . 

Directional' trim ! dhang6s I'dtxe : to' : pbwer "fihdnges' were determined 
at.5Q00 feet altitude at ,125^150, and 300 miles per hour indicated 
airspeed. \ In; making' 'tbb''^ trimmed for 

ze±§ 'i&dder/.f'dr'ce' -Tki^i ';r^t$'d;^$^e^'-^oXMlaa|[- ; Me'^Ings level in 
straight flight at : ;'tiid/'c.h6s4n , .^peei, ;'The 'tl&b'ttle was then retarded 
, to ] idle / the': engine ''and fedpifdV weW 1 taken : aftSr ; the initial • flight 
'"speedy a laterally ; level' al^tf de', 3^d ; a'; straigilt' 'flight path had 
been^restpred. '..: , This' ; prbc^dufs '.' was ' also ' f Bllpwed' starting -from the 
* '?n|$ne ^|i^jjg ' ^^'6^d^$Iw.'|id^e&'-'^pp^^ normal rated power. 
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RESULTS;, AED DISCUSSION ; ' ■ 

■ ; ' Lateral P3ciiXation r Chapacteriatics ••' ■ • • 

Figure 8 shows'/a ^tlm^ .history. ,of an undamped direct iPnal 4 
. oscillation that was ; .enco^tered with the original vertical tail 
during- ■■ a previous ' investigation;-, of longitudinal.. 'stability charac - 
terlstics'- arid which was. partially... responsible' for the present 
investigation, ' Upon noting' a small amplitude periodic motion of 
the airplane during' a routine.', climb- to. high- altitude , the pilot 
fixed the; controls; to'' the, .best, of his ability, and obtained a 
r©obrd-'of ;^ ; 'moti'on : which '.failed:' to', daarp. -out-.- in.'- spite of the 
controls being Consciously held fixed, . The minute control motions 
that actually' did 'occur /during the : time , history of f igure 8 are 
believed to-be' the i result, of .the floating, tendencies of the 
control- 'surfaces cdu^ieU' wi-th"';c<^t^pi .-system, flexibility and' 
possible play 'lri the, cbntr.pl, syatems rather ..than the result of 
- ' stick ' or'. rudd¥r pedal 'Bipvementsv. , , 

• " It appearp;'-c^'^e, si^ace :v tkat- th/gr ps.clllati"ort- was a '• 
manifestation either of "'snaldng'j,'', &< continuous directional' 
oscillation in which 'movements of the rudder reinforce the motion, 
or of "dutch roll/ 1 a continuous directional oscillation which 
occurs with rudder f ixed, . Of . .these,.- two possibilities, the 
evidence appears to support the "dutch roll" supposition because 
the rudder movements which, did occur- appear much 'too "small- to 
account for 'the 2° to 3° change.: in sideslip, angle involved-. 'The' 
occurrence of dutch roll would, indicate insufficient directional 
stability- -in- 'the case, of ..the, Pr-6'3 because.- the dihedral effect/ ' 
: thbugh' : positive, is riot, strong. ' • • '-' ■ ,' 

■"It 'was interesting to note that the. continuous oscillation was 
not encountered in the .present series of : te s t s where in all' the' 
airplane ecnditiohs were . duplicated with the J exception of the ; ' 
longitudinal -stability . ; This suggests the;. ^ possibility that the : 
dontinubus' bsc illation may have been ,. Related "to coupling of : ' : the : 
longitudinal and directional motions through the gyroscopic 
reactions of the propeller. . ,-, - . >_ < 

"A; summary of the lateral oscillation oharacteri'stics determined' 
in the present' tests is given in. figure, 9» All. %biC results of 
figurb;'9 were 'obtained", from- 't!ijpe,-:histo? , i.$s-:-©f:: tfaectfariatibn-' In' 
sideslip -angle',; The. time" required: tp-. reduce- the -oscillation to 
half amp litudb iras' meas curves drawn on 

the curves • of side slip angle plotted against time,. In general, each 
test point shown in figure 9 is an average of between two to four 
separate determinations. 
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The results of f igure 9 show- that the addition of the ventral 
fin containing 7.2 square feet area with the original vertical 
tail caused a sizeable • decrease of the period/' particularly at 
higher speeds. This indicates a sizeable increase in directional 
stability. However, the addition of only 2.85 square feet of area 
to the tip of the original. vertical : tail" caused a 'greater "decrease 
in period at all .• speeds, indicating -greater increases in directional 
stability. It is Interesting '-to' note •' that ' aMitiqas'-'of ••ven i tjr^- ; ana 
dorsal -fin .-area - to the enlarged 'vertical tail' did 1 -not bring 'about 
very sizeable • changes .in iper'lod.' Therefore it appears that ; ;low : * 
aspect ratio .fins .such > as ^the' ventral f in tested may be : reasohably 
beneficial to directional stability when the initial directional 
stability .is. meager but relatively ineffective when the initial 
directional .stability is ; good. ' This view is borne out by the data 
obtained in the other types of directional stability tests as will 
be shorn later. With. regard to the" time and number of cycles 
required to damp. .to; half' amplitude, the data indicate the dorsal 
and ventral f ins? were', in:, general, more effective in reducing 
these damping parameters than was the . addition of - tip area to the 
original vertical tail. However, the data on the damping parameters 
may not be conclusive, because' considerable scatter of these results 
was noted , during the;..© valuation of data for -comparable test runs.' 
In the case of ■ de.terminihg.,'the^period^ -almost perfect agreement was 
obtained between ; results from comparable test runs. 



j .. Sides-lip '-Characteristics '• 

. The results . ; of the sideslip tests -are shown in figures' 10 
through 1.2. 'It will be'. noted that in these "and "in some' subsequent 
figures, some of the faired curves have Ue'exi repeated several times 
to facilitate an evaluation of the effect of the various modification 
on the -directional characteristics . Hence, the plots- at the top of 
each .figure, are "designed to show the effect of ; increasing aspect 
ratio, ©£• the ..vertical tail (and -to a leaser extent, increasing '■' 
vertical tail .area},, the next set. of curves show the effect of ■ 
adding the ventral, f in to the original vertical ; tail, : and similarly, 
the remaining plots .show the.. 'effect of adding thd ventral anil 'dorsal 
fins to the enlarged vertical tail. ■ ; • '■• '• - • ; "" 

. .• ..The . data obtained :f or: b-oth rthe engine idling and- the' rated 
power, conditions, :at 150 miles' per hour at 5000 feet altitude are 
shown/in -figure 10...: s. In. the top plot : of "rudder angle versus sideslip 
angle, in, figure 10(a).-, it is seeri that: increasing-' the aspect ratio 
and vertical- tail area. -caused a, definite' increase in slope of the 
K curve; of. rudder angle- versus- : .si.desllp- angle , ' Measurements of the 
slopes .«f -these curves'- at. -zero ' sideslip: angle : result Tn values of 
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0.72 and 1.0k for the original and enlarged vertical tails, 
respectively. On a percentage, "basis, the slope of ,the. .curve, for. 
the enlarged' vertical tail is about. Ikk,* percent of the "slope, .for 
the original, vertical, tail". . : When the relative effectiveness, of . 
the two vertical tails and rudders (as. .estimated" from, the 
dimensions ' of the appendix and. the charts of reference 2) is . 
considered, however, it . can "be. shown 'that, these slope, values 
indicate the ( enlarged vertical . tail provided about 19 k percent of 
the rudder fixed directional stability supplied by, "the original 
vertical tail... This greater , relative increase in. directional 
stability .' over " the increase in' slope of rudder angle versus, sideslip 
angle curves is due primarily -.to' the. higher lift . curve,-. slope . of 
the enlarged vertical tail resulting from the large increase in 
aspect ratio. -The ; effect -of ,adding. : the /ventral fin, (fig. 10(a)) 
was to increase the di^eticaaai ..stat^li^^-prlB^ily .at high ■ 
sideslip angles, , Here 'again/ ; the: addition -of : the -ventral fin 
caused a greater / J^rease r 4$. d^ectjLQnai-stability when used with 
the original vertical ta^l than when, used with the enlarged vertical 
tail. As ' regards the ; redder 5 -pedal -force 'characteristics, the dorsal 
and ventral fins when. added .to either the .original or enlarged 
vertical tails * caused a*';.5marked;)3l»eSeriing of the curves of pedal, 
force against "sideslip" 'angle at .large angles of sideslip; this ' 
trend is characteristic 'of; "t&e ,eff ect of such f ins and it results 
largely from the Jjiicrease ..ih^^dder'-flxe'd' 'directional ' staMlity 
"brought" about by the f ins "let' '"high, jangles of sideslip. '. . 

.,..;'With' normal rated power -at 150. miles per hour (fig. 10(b)) the 
airplane, exhibited strong tendencies toward. rudder force reversal 
at large angles of" siddslip both ,iil left arid in "right sideslip with 
either .the original or enlarged vertical 'fail's'. [ Ac.tual rudder force 
reversals.. were encountered in left sideslip for both configurations 
but the data, are riot' shown because .of unsteadiness, in the 'airplane 
motidn which; -occurred at very .great' angles of sideslip. ''The/pilot 
reported that when a left sideslip angle .of approximately .2.^ .was 
. .reached, the rate of .yawing seemed to increase precipitously ' without 
further, movement of the rudder pedals , ' In one : particuiar run vith 
the original vertical tail a left sideslip angle of 35° was attained 
before recovery was effected. This undesirable charae'teristic.was 
believed , to be caused by the 'combina'tion 'of ruddfer overbalance'" arid 
"great flexibility of the control system. During' a slow increase in 
sideslip .angle, as the rudder force was relieved p.\ large sideslip 
. angle,, the; rudder automatically moved'f arther without a corresponding 
' movement of . the rudder, pedals because' the deflecte decontrol system 
was, returning .. to an; unstressed; condition. . From the data shown . in 
figures' 7 arid iptb)"",. it has been'' estimated'' that ,tn6 .rudder- ^ould 
move. iappr'.o.xiimtely .6° .'with. tli^ rudder. ..pedals fixed for a . rudder 
hinge, r md^en$;,. change corresponding '..to ,106, pounds rudder pedal force. 
When' the 'ventral fin was installed 'with the original vertical tail 
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or vhen -either the ventral or dorsal fins were used with /the . 
enlarged vertical tail, the' rudd.er force reversal was eliminated'' 
and it was possible to deflect the rudder pedals fully against 
the stops in the pilots compartment without encountering, "any; '\ 
precipitous yawing tendency. In the absence of rudder force : , 
reversal, the relatively great flexibility of the rudder control . 
system was not objectionable. It is interesting to note in 
figure ' 10(b) 'that; the use of both the dorsal and ventral "fins , 
together with;' the enlarged vertical tail .caused, a marked increase 
in both rudder fixed and free directional stability in this low. 
speed, high power condition of flight. -. ", 

^Figure 11 presents the data obtained in sideslips at 300 miles per 
hour indicated airspeed at 5000 feet altitude using normal rated power 
(2600 rpm/ inches of mercury). It should be noted in figure 11 
that both the abscissa and ordinate scales for sideslip angle and 

rudder angle have been expanded by a factor of 2g over the scales 

'"'use'd in figure '-i0, ; but- the -rudder- pedal- force scale has been 
maintained at' the value -used for the low speed runs. Therefore , . 
the slopes of - 'the curves of rudder angle versus sideslip angle in. 
figures 10' and 11' may be compared directly to determine . the effect 
of' speed oh these slope- values but the slopes of rudder force . 
vers'us' sideslip angle -shown -by figure 11 must be multiplied, by a 

factor of 2~ to put these slopes on a comparable basis with those 

'showii'by figure 10. 'From figure 11 it is seen that for the. small 
.ranges of sideslip angles over which data were obtained at . 

3'00 miles per hour addition of the' ventral fin to either the .. 

'brigirial or enlarged vertical tail had no appreciable effect, on 

the, slopes of the curves of rudder angle or rudder force versus , 

.sideslip angle whereas addition of the dorsal fin to the enlarged. 

vertical tail had a slightly beneficial effect on the slopes. . 

&6T7ever, it is seen from the top curves of figure 11 that inqr easing 
:: the aspect ratio and area of the original vertical , tail hroug&t 

'Sbput a large increase in the slope- of the curve of. rudder versus 

sideslip angle and, as explained previously, this, would, indicate . 

an even larger increase in the rudder-fixed directional ...stability. 

" An attempt has been made to determine ;the contributions of. 
the various components of the airplane to ...the directional stability 
of "the complete airplane for both the original and' enlarged 
'vertical-tail configurations without . ventral or -dorsal f inB'. The 
result's of ; this effort are shown in table .II which", is largely 
self-explanatory. To make these .estimations it was assumed that 
the.' dynamic ''pressure at the tail-wag' eip-al. to free-stream dynamic 
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pressure . This assumption ; is ; nearly correct f or high- spee'd ' ; ' 
conditions such as^that f 6r ; whion- data ; are shown "ih ; f igure-' liu- '"-" 

It is important to point otit that because' 1 the ; "'uha&eoutited i 
for" destabilizing increments listed" in column 6 of 4able II ; • 
are r hot identical- for the ; two Vertical -tall configurations: the - ; ■ 
est ima t ions : are no V he e e ssar i ly in error) " : f dr ,~ 1 if the tinac c ounte'd 
for loss in directional stability 3 was caused entirely ' by an - ;: 
unfavorable' sidewash 'effect, : the unaccounted for ^increments- would ; 
be expected to •-•anfe>tia1;' : W- a 'constant-' -percentage r dF- the' directional 
stability' contributed" by the 1 isolated- 'Vertical- tails ' ' ( column 1 ^ . • 
Actually the .unaccounted for losses in directional stability are 
nearly a constant' 15 percent of the estimated directional stability 
contributed by the Isolated vertical tails and this suggests, 
strongly that, the losses ih' : d^ estimated froirt ' : 

the flighl^a^' as;. •c^pai*ed with; ^hat; calculated r priinarily from . ;.' 
the^ chart's :%re dufe:'a^dst" eiitirel^ tb ,an upfavotable side wash 

ratio '{|§); ^ of'iJVl^'i -At any -rate-, if the estimations' of : : ' ■:■ • '■■ 

$abie, II are p:ialy>-re.aspnab^ 'that the. 

airplane, with the" Enlarged vertical'; tail possessedV.abput. twice.' ^.s, 
much rudder-f ixed., directional stability.: ' as the. airplane with, the , * 
original,. vertical, tail j furthermore^ ( t&is. increase' in. .directional 
stability, was .accomplished' with only, a 12'-perc.ent increase in, ,.,'."' 
vertipali-tail' area which was, .'d^spiojie^:' in, r sucj| 'a. way as. to" give the 
greatest practical ' increase ' of ' aspec t ratio . ' '' 

. Figure... 12, shows, the effect.., of , increasing altitude on the 

directional." .stability. cl^^-i^r4.'sM 5S "- T$ffi\V*p9$r power a't,.&n' 
indicated, airspeed;- of , 150, miles "per, .hour f or .f pur different' airplane 
conf igurations ,. ... It , . is , believed . that the . .per si s tent ■ small decrease 
in. dire.ctional .stability with inc.reasing ( altitude, ^hbwn; by tlhls; 
f igure,-' was , attributable to. the..,, increased propeller .' blade . 'angles that 
were-re.quirejd' at the high altitude,! tp, produce' the' higher, true 'air- 
speed. ;.that5 corresponds, . to , tka. ; .saingC indicated, airspeed used in. jests 
at-,the iv lQW; altitude In this .copnectipn. reference," 3 shows' t)iat' " 
increasing the blade, angle 'increases, the,. des.t&bil,i.zing contribution 
of a tractor - propeller „-, ;: v .. / "' ".. ,'.' i j.'.: v " ' ..', .',,, . '.',' '','■,.,"".."''...''.', ; ,.•,'* 

. 1: - .fCharacterAstics ..^.fiolis.^Out of Turns , , ./ , .'. .,..'.. 

Results pf the rudder-fixed' rolls 'out of turns 'are shown in 
figure 13, It will be noted that the data are pletted in terms of 
the maximum change in sideslip angle per unit airplane normal-force 
coefficient rather than simply the maximum change in sideslip 
angle against aileron deflection. This procedure was followed in 
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order to take into account small changes in normal acceleration 
which unavoidably occur between the time the ailerons are abruptly 
deflected and .-the; : maximum sideslip angle is .obtained.., >. Theory,, 
shows .that., the: yawing, moment due to aileron deflection and rolling 
and hence, the maximum sideslip angle attained depends primarily 
on the airplane normal -force c-oefficient .... Consequently, in-order 
to put the teat .results, .ion a -sound .theoretical basis, each test ,, 
run was 'analysed* %&rfatexmSnB .vth^-jrs-tiQs <tf .-.the . marfmoa change .in .. 
sideslip -angle. which ^ocourred ^to the average airplane, -normal -force 
coeff icient -which Lexisted: iuring the xvp.*,. For,. purposes ,of computing 
the - average -airplane nonpal -force, c.oef f ic ; ient, .the average.; normal, 
acceleration and speed, that- ; ,exis ted, ^uring eaqh run. was used.... If ' . 
it . is desired to ."obtain the ractual.. sideslip, .angle.' .changes "'from the 
data, .-of ,,-f igure .lSj iitois-.only .necessary ,. to •.mul.t.i : piy .the ..ordinate,. .' 
by the- ^airplane : normal -fores •coeff icient f orwhich v the ; . change iii 
sideslip is -desired. -, For i instance ? ..at an. airplane,, normal -force 

coeff iQieirfci.. of . 1,6, ''^a. vaaTie'S' ;'df •' given by 'figure 13 .are '-•' 

numerically equal to the maximum changes' in sideslip 'angle that 
would be expected due ■•to -deflection of -the \ailerons -with rudder , , 
fixed. ,¥hfn, losing .the data inthis way^ however, it must' be 
recognized^that' thQ .d^ta of ;f igure\ : 13 apply only to high angles ' 
of . attack./ low. speeds^ and the .engine idling condition.* ' Alsoy f or 
ve ry". great -. sideslip changes ^(greater than ' about 20°) the data tend 
to be ./of. academic in-fei'es.t ;. 8&ly ;^&atise In the 'flight 'tests, it was 
found 'that',, by' the time, such, large side slip' ;changes were attained •■ 
the airplane" had roiled ' into a near -inverted attitude - in ;i spite- of" 
the advantage obtained by' starting* the rolls from a 45° -banked ■'• 
position. When such large changes in attitude occur, the effect 
of gravity may .be'"'' important ' ifi determining- the ;maximum sideslip 
.angle re.ache.d," ; ';; ' \ \ """'■ : ■'■- "' ----- ■ ' - 

" . ..The., top' plot of, figure' 13 show's- that approximately twice' as. 

, much' change ' of s ideslip ' angle 'occur red; with the original vertical. 

' 'tp.il as/iwi^the' enlarged vertical tail! for a given aileron ■ ''■" '■: "': 

..deflection... 'This ls probably a godcL indicatiori --that the ' ,[ . ■ - 
directional., stability of the; :: airpiane was 'roughly -doubled by the 
.enlarged' ,vertlc,ai;.''tail . ; In; this donnect'ioh", the ''complicated -i~ -' 

" dynamic' nature' of the' airplane' motiorv in these; roll -out-of -turn . , 
maneuvers does not permit easy rigorous conclusions' to 'be made- ".: 
concerning "the directional stability simply from a consideration 
of the maximum si d,e slip,.. angles attained. However, it is worth- 
while remembering',' vixen' y 'eto®^ii^-'cvirvQ'B- -'of '' Cs t23&" ; -ty-pe shown in 
figure. 1 ; 3., that a decreased slope corresponds to increased 
-direp-t^nal ..'s^il'fty.. Addition 6f-"^he "Ventral- f : in- to the original 
.Vertical tail,' (fig\ 13 ) brought about a moderate increase in 

' direct i'onal .'stability for small change's in sideslip angle and large 



BACA PM No . L6J0T 



13 



increases for large changes in sideslip angle. The effect of 
the ventral fin was negligible when used with the enlarged vertical 
tail. These trends are in general agreement with those obtained 
from the low-speed sideslip •te'sts : already discussed. Addition of 
the dorsal fin to ' the 'enlarged vertical tail apparently reduced 
the ability of the vertical tail ; to' restrict the yaw- due to aileron 
deflection in left rolls but' ho detrimental effects of the dorsal 
fin appeared. when the ventral f fin also was -installed. This ■ '•'•■>■' 
■ peculiar effect of the i; d.orsal fin occurred also in' the higher speed 
rolls from pull-outs '-(figV 'l^) . r Ho ; " explanation for : the' effect Is 
offered. ' w ■.■•'-<■•.• .-■,-■ 



Characteristics in Rolls from Pull -Outs 

Previous 'work bh' %e : P'^ : 63A'-i r airplane preference' k)- 'has shown 
that the roll -from -pull -but' maneuver ' ia-' one in which very large • 
vertical- tail loads may' be'- Encountered. It ' : was : shown- that the : - 
magnitude of : such vertlbal'^ -tail : loads depend 'to some extent on the 
directional stability- of the : aiirplahe'.' Increasing 'the directional 
stability of the" airplane wbuld r: be ; ' expected to reduce 'the maximum 
vertical- tail load J because ] : for a given" yawing moment due ; to : ' 
application of ailerons; 'the 'maximum sideslip angle' reached is • 
reduced: the vertibal-taii ibad ; required ; tb offset the unstable - 
yawing' moments of the' fuselage- and ? pyopeller - is- therefore reduced 
'even though the load required to 1 : offset "the pr imary yawing moment 
due to ; rolling remains ' essenti'ally' bbnstaht with varying directional 
stability. ,j;!; '^" r - : '•'-':■•"'; • 

The results of the rolls from pull-outs at the various speeds 
tested are shown in' figure : lM} °ThS ; faired'- curves- of the top plot 
indicate that, on the average, the airplane yawed only about 
66 percent; as much with the : enlarged ;: vert'ical ■ tail as • it did with the 
original vertical' tail fbr :; a given filler bri'-'def lection. The- 'addition 
of the' ventral fin tb-' the'- or igirial- vertical- tail" increased 1 the' y^aw 
due to use of the ailerons for lef t' ; 3?bils ; This result is 'ciaa^ary 

" to tnat obtained at' •low ; spe'e r d with-'" thfr- engine 'idling (fig; 13) : - M 

might possi'b!£y';"be- •'causeil \>j' : &-'X6eAk-''inc±e&ab in unfavorable sidewash 
in the region of the ven-tral -f in brought about by the -use '-of- power . 
In this Connection^ hbwever, - it : 'Shbuld ; be ; 'noted that use of i&e- 

'vbntral' fin with ; the enlarged vertical- tail was not "dptrimentnl" to 
the characteristics ;: in ' left' 'roils so' i that' any attempts to -explain 
the effects of the' ventral f in- 'on the' basis- : of sidewash' must be 

' regarded ;as conjecture . • J As "'would -be'. expected; the 'data- of f igure Ik 
show that' the conf igur^ioh' incbrpbrating all the •modifications ' 
provided the greatest ^directional '-'stiff iiess in- restricting the -yaw 
caused'- by the yawing' -moment' -due ; 'tb aileron deflection and rolling. 
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Direction Trim .Characteristics ~ •;• '- ..•»••.-•• 

Typical variations, of ..sideslip ; angle and Judder angle required 
for latex-ally, level ■•stta^gJit'^fli^t: ti^ougbout the . speed range, with 
rated power, for -the; enlarged-.- vertical tail . are shown in.rf igure 15. 
Similar sideslip and rudder angle : data , f or-, the other five .configura- 
tions tested were, almost ■ ide.nt.icaL.- to . .those shown in f igure ,15', and 
are therefore- not. .-presented-* .... It,-,i§ seen, that- only.- about 2Q° right 
rudder deflection was required at, the stalling speed, so that 
directional., control .power: was adequate.. Figure -15, shows that- a • 
center -of -gravity movement of 5 percent of the mean aerodynamic 
chord had a negligible effect on the directional trim characteristics. 

Var iat i ons of - the*' .rudder .pedal f ore e, • with : indicated airspeed 
are shown in figure l6 for the six vertical -tail configurations 
'tested.-. Sere, it 'is seen . that i the various/yertical.-tail- modifications 
had a -slight hut.idef inite effect-, on the, pedal -force variations at 
high speeds ..-t ;The shape : of. the- curve ..for- .the- original; vertical, tail 
is characteristic of tha-t.'.whioh..would:be -expected- if the rudder . 
. fabric cb*eriag-^.3^«:-a^dd©ir^Bia?uetijr^' distorted^'dae to -high - 
aerodynamic loads-/ whereas : the shape -of the . curve for ; the . enlarged 
vertical, tailnwith bath, dorsal .and. ventral,- fins: added is approxi- 
mately? that. which:-.would .be ' expected, without -rudder distortion;. With 
regard: to:-:the.-d©sirability of ...the various types of force variations 
with: speed- shown; in figure. ;l-% there .appears to be little to -choose 
frorn^ :allrof ; .the sonf igurations---. provided, desirably small changes .in 
rudder :forcev with, changes: an -speeds - , . ,■. . ;; 



:. :<:<:■.:. .-,- Trim ■ Changes [Bue: to Power : Changes ■: 

The'ieffect of . '.the various vertical -tail modifications* on the 
> trim changes : due. to power .changes is shown, in figure 17. The, data 
show, that the- addition of: the: -dorsal and ventral: fins : tp the, -two 
- basis/ vertical^tail..,conf igurations.. had a. negligible; effect on-- the 
•/.rudder angle:. trim. changes .due to power changes, On the other hand, 
^considerably more: change in rudder angle was, required to off. set . the 
■• -yawing-'moment. due to power- with,: all of-, the enlarged. vertiG.al:-t.ail 
. ■..eonfi'guratione. than, with either* of the original vertical-tail r 

conf igurations r . particularly : at -' low: speeds., .- This result , is "believed 
• ,'to hec: explained, hy the.! difference in height of. the - two. vertical 
itails.:. as - relfeted. to the relative, twist- of : the slipstream.-. .A-t low 
speeds -(high, angle of attack), the fix^d, tip . of the enlarged -vertical 
- tail.', probably* extended, into, a region, of .the -slipstream, where- the 
cro's s -flow'' change: J due., -to , power, .-.change- was : .greatest , Therefore , . 
'-'in or'dsr . to offset :the' increased.. .change in. yawing moment due -to 
• cross;; flow -of - the .slipstream, - greater rudder -angle changes were- 
required with the taller , enlarged vertical tail than with the 
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original vertical tail. It. is interesting to note that the rudder- 
pedal- force change with power change was approximately constant 
over the speed -range tested; also -that this trim change was 
desiria'biy "small : inas^nich • as it 'amourfted r t'o only about 50 pounds 
for 'any of the' 'configurations tested '„;,'' 




From an investigation df ''the ;: effebt of : various vertical- tail 
modifications on the'' directional stability ; and control charac- ' 
teristics of the P-63A-I ^airpiahe/ : the following -coriclus ions were 
indicated: ' '■• •'■ • ; ' ; '■'■ " ' 

1. The- direct iohar' staTyillty ' of the airplane -was approximately 
doubled "by adding 2.85 square feet of vertical-tail area to the 
tip of the original vertical tail which contained a total of 23.73 
square feet area. Calculations "based on data obtained in sideslips 
at an indicated airspeed W' '-'300 'miles per -hour showed^ that the- 
directional stability •'•-£*£ ' : tlte "a&pleMe '"M'th -driginal. vertical 
tail corresponded to a value of C n g - "of -.-0; 0005*6 -whereas with '\ 
the enlarged vertical tail the estimated value of was -O.OOI30) 

The pilots considered the directional stability of the airplane 
inadequate with the original vertical tail but satisfactory with 
the enlarged vertical tail. 

2. The addition of a ventral fin containing 7 ,2 square feet 
- of - area 'to' tM - airplane with the original vertical tail caused a 
: moderate- increase in directional stability for small sideslip 

angles at low airspeeds but no consistent appreciable change in 
directional stability at high speeds. The effect of the ventral 
fin on the directional characteristics of the airplane with the 
enlarged' vertical tail was generally much less than the corresponding 
effect with the original vertical tail'. 

3. Eudder force reversals -Whfch-occurreid , in Sideslips at low 
speeds for high engine powers with the original vertical tail were 
eliminated by incorporation of the ventral fin. Similar rudder 
force reversals which occurred with the enlarged vertical were : 
eliminated by addition of the ventral fin, a small dorsal f in^ or 
a combination of the dorsal and ventral fins . 

k. A consistent small decrease in directional stability due 
to increasing altitude occurred in low speed, high -engine -power 
sideslips and this effect was attributed to the increased propeller 
blade angles required to maintain a given indicated airspeed at 
higher altitudes . 
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; ■ 5- The various -'vertical -tail modifications had a measurable 
effect on the variation of ■' rudder' pedal- force -With indicated 
airspeed for fixed ^rudder tab-setting arid constant- rated power; 
however, the force' 'Variations' ■provided by the- various configurations 
were all desirably small. «•'••' •* 

6. Greater changes in rudder angle were required to offset a 
given change in engine power 'with -the enlarged vertical tail than 
with the original vertical tail, particularly at low speeds; 
however, the rudder power was entirely adequate to cope with the 
trim change for any of the corif iguratioris tested. : A- rudder pedal 
f orce of approximately 50 pounds was required to ■ offset the 
directional' trim- change' dW r -to changing the engine- -'power from 
engine idling to rated power conditions; this change of pedal force 
was largely independent of either airspeed or vertical -tail 
configuration/ ' '■'"' '' ' 
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APPENDIX 



GENERAL SPECIFICATIONS OF AIRPLANE 



.Name and type. v .. . .. .. . , ... . Bell .P-63A-J. fighter 

Engine / / .* .,' .. .„ ., . J ; , ., ... Allison V-1710-93 

. ;„ Rating: . -' ■ . 

Take-off ^ 1325 hp at ' 3000 rpm, 5k in. Hg at S. L. 
Normal rated ^ . 1Q50 hp, at 26p6 rpm, k-3 in. Hg.a.t 10,000 ft 
Military rated . 1180 hp' at 3000' rpm, 52 in." Hg at 21,500 ft 
Supercharger gear ratio 6.85:1 

Propeller (special Aeroproducts type) '.. '. ' . 

; . ./Diameter . . / / / .' / .' ." ...11 ft ■ 1 in. 

•\ Number of blades . «■'-".'.. . • . . . . .■■ . . . . •■ h 

. . Engin©~prppe.|l©r gear r ratio ,' : >s , „• .". . . ... ...2.23:1 

Fuel capacity' (without belly tank), gal '..[.. . , ... .'' .... 136 

Weight emptor, lb \ . ........ .;V, ;J '..' ii; .... . . V7 .„ > \ .... ........ . ,5910 

Normal gross weight, lb V V . . . . 7650 

Wing loading (normal gross wt. ), lb/sq ft . .'. . .. 30. 85 

Power loading (normal gross wt., 1050 hp), lb /hp ....... 7,29 

Over -all height (taxying position) .......... 11 ft h in. 

■3 

Over -all length 32 ft 8g- in. 

Wing: 

Area (including section through fuselage), sq f t 2^8 

Airfoil section, root ....... NACA 66,2X-ll6 

Airfoil section, tip ............... NACA 66,2X-2l6 

Mean aerodynamic chord, in. .............. 82. 5^ 

Leading edge M.A C . , in. aft L.E. root chord .... 6.11 

Aspect ratio ......... ....... 5.92:1 

Taper ratio . , 2:1 

Dihedral (35 -percent chord, upper surface ) } deg ..... 3.67 

Root incidence, deg .................. 1.30 

Tip incidence, deg -0.^5 
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Wing flaps (plain sealed type): 

Total area, sq ft 12.9 

Span (along hinge line, each) in. 62.38 

Travel^ deg. down ' . ;. . ," . ;. 4-5 

Ailerons : 

Span (along hinge line., each) in. . .. ... .. . . ... .... , •. ..: 120.75 

Area aft of hinge center line, each, sq f t ........ 8.1U 

Fixed balance area, each, sq f.t ............... .. .. 4 . . . : k.&3 

Location of inboard end of aileron, percent semispan . •. ■.. . kk.2 

Location of outboard end of aileron, percent, semispan ■ 96.7 

Horizontal tail.: ■ . * 

Span, 

Total area, sq ft ■■■<>■, ■•' ... v . . . > . . .. .. . . . k6j92 

, l Stabilizer, area,, s.q ft ... .,. .. ... .. .. . .. .. .. .. .... » 3^-15 

Total .elevator, area,, sq ft. „ .. .. . .. . . ... . .• .• . 12.77 

Elevator, area aft hinge center. Line,: including: tab, ..sq ft ' •. .9.85 

Elevator" area forward hinge center line, sq ft ...... . 2,92 

- Elevator, trim tab .area,, sq £>fr . {,•,:.* . -. . .. . . ; 0.92 

Distance elevator hinge center line to L.E. of M.A.C., in. .226.28 

i '..Elevator, travel from stabilizer,, deg down ...... . ■. . . , .15 

Elevator travel from stabilizer, deg up .......... 35 

Vertical tail: 

. See .table I , - ;->•-<■■:'• ■ ■ 



MCA BM No. L6J07 



19 



REFERENCES 



1. Johnson, Harold I.: A Comparison of Data Obtained "by Two Flight 

Techniques for Determining the Sideslip Characteristics of 
a Fighter Airplane. NACA KB No. L5F25a, 19^5. 

2. Pass, H. E.: Analysis of ¥ind -Tunnel Data on Directional 

Stability and Control. NACA TN No. 775, 19**0. 

3. Rlbner, Herbert S ■. Notes On the Propeller and Slipstream In 

Relation to Stability. NACA ABE No. lAll2a, 19hk. 

h. Johnson, Harold I.: Estimates of the Vertical -Tail Loads of a 
Bell P-63A-1 Airplane (AAF No. 42-68889) in Accelerated 
Rolling Maneuvers Based on Flight Tests with Two Vertical- 
Tail Arrangements. NACA MR No. LiWQOa, Army Air Forces, 19hk. 



NACA EM No. L6J07 



TABLE I 

DIMENSIONS OF ORIGINAL AND ENLARGED VERTICAL TAILS 
TESTED ON P-63A-I AIRPLANE 





Original 


Enlarged 


Total height along hinge center line, in. 


78.87 


9^.62 


Height above horizontal tail center line, in. 


62.00 


77.75 


Total area, sq ft 


23.73 


26.58 


Fin area, sq ft 


13 M 


15.96 


Total rudder area, sq ft 


10,26 


10.62 


Rudder area aft hinge center line, sq ft 


8.30 


8.65 


Rudder area forward hinge center line, sq ft 


1.96 


1.97 


Rudder trim tat area, sq ft 


0.814- 


0.84 


Distance rudder hinge center line to L.E, 
of M.A.C., in. 


2kQ.kO 




Fin offset from thrust axis, deg. 








Rudder travel, deg 


130 


+30 

J 
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TABLE II 

ESTIMATED CONTRIBUTIONS OF VARIOUS AIRPLANE COMPONENTS 

«• 

TO DIRECTIONAL STABILITY OF P-63A-I AIRPLANE 







C , per degree 
n p 




Column 


Component 


Original 
vertical 
tail 


Enlarged 
vertical 
tail 


Source 


1 


'1 1 _____ 

Vertical tail 


-0.00185 


-0.00266 


Calculated from air- 
plane dimensions and 
charts of reference 2 
assuming no side-wash 
or interference 
effects . 


2 


Fuselage and wing 


.000U0 


.000^0 


Wright Field wind- 
tunnel data 


"3 

J 




.00060 


.00060 


jisxiiiiiaTiecL irom 
propeller dimensions 
and charts of 
reference 3 


k 


Complete airplane 
(calculated neglect- 
ing si de-wash > inter- 
ference, etc.) 


-.00085 


-.00166 


Sums of columns 1, 
2 } and 3 


5 


Complete airplane 
(estimated from 
flight data at 
300 mph ) 


-.00056 


-.00130 


Product of 1, esti- 
mated rudder effec- 
tiveness from refer- 
ence 2, and measured 
d& r /dp from figure 11. 


6 


Unaccounted for 
(sidewash, inter- 
ference, etc .) 


.00029 


. .00036 


-(Column k - Colurai5) 
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Figure 1. Three-view drawing- of the P-63A-1 airplane. 
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FIGURE 2 - ORIGINAL AND ENLARGED VERTICAL 
TAIL SURFACES TESTED ON P-63A-I AIRPLANE 
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Figure 4.- Detail view of dorsal fin tested 
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Figure 5 .- Detail view of ventral fin showing sharp 

edge and cross-section. 
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(a) Original vertical tail. 




(b) Original vertical tail with ventral fin. 




(c) Enlarged vertical tail. 



(d) Enlarged vertical tail with ventral fin. 




(e) Enlarged vertical tail with dorsal fin. 




Enlarged vertical tail with dorsal and 
ventral fins. 



Figure 6.- Vertical tail configurations tested 
on P-63A-1 airplane. 
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Figure 7.- Variation of rudder angle with position of right rudder 

3 

pedal. Rudder pedal moment arm 10 inches. Pedal travel measured 

4 

along arc. 
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Figure 8.- Time history of undamped directional oscillation which 
occurred in steady climb at about 150 miles per hour at 22,000 
feet altitude using normal rated power. Original vertical tail. 
Pilot attempted to hold all controls rigidly fixed while obtain- 
ing thie record. 
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Figure 9.- Effect of vertical tail modifications on the controls-free lateral 
oscillation characteristics using power for level flight at 5000 feet alti- 
tude . 




Figure 10.- Effect of vertical tail modifications on di r ectional character! sti cs 
in sideslips at 150 miles per hour at 5000 feet altitude. 
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Figure 11.- Effect of vertical tail modifications on directional 
characteristics in sideslips at 300 miles per hour at 5000 feet 
altitude. Normal rated power (2600 rpm, 43 in. Hga 1050 brake 
Horsepower ) . 
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Figure 12.- Effect of altitude on the directional characteristics in 
sideslips at 150 miles per hour using normal rated power. 
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Figure 13.- Effect of various vertical tall modifications on the 

ability to restrict yaw due to ailerons in rudder-fixed rolls 

out of turns at 125-130 miles per hour with engine idling. 

Ratio is maximum change in sideslip angle per unit airplane 

c n 

normal force coefficient. 
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Figure 14.- Effect of vertical tail modifications on the ability to 
restrict yaw due to ailerons in abrupt rudder-fixed rolls from 
3g pull-outs at various speeds, propeller blade angle and thrust 
coefficient held constant at values determined by using normal 
rated power (2600 rpm, 43 in. Hg) at 300 mph. Altitude approx- 
imately 5000 feet. 
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Figure 15.- Data on directional trim characteristics with enlarged 
vertical tail surface showing typical variations of rudder angle 
and sideslip angle with airspeed. Clean condition, normal rated 
power (2600 rpm, 43 in. Hg) altitude 5000 feet. 




Figure 16.- Effect of vertical-tail modi fi cations on the variation 
of rudder force with speed for constant trim tab setting. Normal 
rated powe t r (2600 rpm, 43 in. Hg), 5000 feet altitude. 
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Figure 17.- Effect of vertical tail modifications on the rudder 
trim changes due to power changes at 5000 feet altitude. 



